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CONNECTING AND DISCONNECTING A COOLING LOOP FROM A
REFRIGERATION SYSTEM

FIELD OF THE INVENTION

The field of the invention relates to controlling refrigerant flow when connecting or

disconnecting a cooling loop in a semiconductor processing chamber from a

refrigeration system

BACKGROUND

With new and evolving requirements for cooling semiconductor wafers to ever

lower temperatures, there is a push in the industry to cool the semiconductor
wafer directly using refrigerants instead of using a secondary heat transfer fluid
as the medium of heat transfer. Conventional heat transfer fluids are liquids,
however, with the use of direct cooling, the refrigerants can be in the liquid,
gaseous or mixed phase. While the refrigerants’ ability to change phase is
advantageous from a heat transfer perspective, it creates special challenges
when the cooling apparatus (semiconductor chuck, cool plate etc.) needs to be

connected or disconnected from the refrigeration system.

It is illegal and environmentally irresponsible to allow refrigerants to escape to the
environment. Therefore, when the cooling apparatus is being disconnected from
the refrigeration system, care must be taken that no refrigerant is released to the
atmosphere. In order to achieve this, one must follow a complex process that
ensures that substantially all the refrigerant in the cooling apparatus and

connecting piping is evacuated before the cooling apparatus is disconnected.

Conversely, when a cooling apparatus is being installed or connected, the system
should be leak tested before semiconductor wafer processing can begin. The
processes required to ensure zero or near zero refrigerant leakage are complex

and labour intensive.
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A semiconductor processing chamber is generally within a clean room and
remote from the refrigeration system which may be in the sub fab. This makes
the connection and disconnection more complex. Furthermore, such systems
may require the refrigeration system to be disconnected from the cooling loop
more regularly than in conventional systems making it more important that the

connection/disconnection process is both efficient, reliable and repeatable.

SUMMARY

A first aspect provides a control system for controlling the flow of refrigerant
between a refrigeration system and a cooling loop within a semiconductor
processing chamber such that leakage of refrigerant is inhibited when connecting
or disconnecting said refrigeration system from said cooling loop, said control
system comprising: an inlet valve configured to selectively isolate or couple a
supply path for supplying refrigerant from said refrigeration system with an inlet of
said cooling loop; an outlet valve configured to selectively isolate or couple a
return path for returning refrigerant to said refrigeration system with an outlet of
said cooling loop; a refrigerant collection valve configured to selectively isolate or
couple a refrigerant collection path for collecting refrigerant for said refrigeration
system with said cooling loop; a pressure sensor for determining a pressure of
refrigerant in said cooling loop; an input for receiving cooling loop disconnect and
connect commands; and control circuitry configured to receive signals from said
pressure sensor and said commands from said input and to generate control
signals for controlling the opening and closing of said inlet, outlet and refrigerant

collection valves in response thereto.

The inventor of the present invention recognised the problems associated with
connecting and disconnecting directly cooled cooling loops from a refrigeration
system and in particular, the problem associated with potential leakage of
refrigerant into the environment with such a process. Furthermore, where loops
are connected and disconnected regularly then it is important that the process
can be performed not only with minimal leakage but also in a way that is both

repeatable, reliable and efficient.
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One way to ensure reliability and repeatability and indeed to improve efficiency is
to automate such a process. The inventor therefore sought to provide a
refrigeration system with control circuitry and automatically controlled valves,
such that the connection and disconnection process could be automatically
controlled with an inbuilt system that requires minimal manual intervention and no

separate refrigeration recovery unit.

Such a system allows the flow of the refrigerant to or from the cooling loop to be
controlled and a pressure sensor enables the status of the cooling loop to be
monitored and control circuitry can automatically respond to readings from the
pressure sensors to control the refrigerant flow and the connection and isolation

of different portions of the system.

The valves can be controlled to isolate or couple the cooling loop with or from the
refrigeration system at the appropriate time and a pump is used to move the
refrigerant. In this way a system is provided that has automatically controlled
components which allow the flow and isolation of refrigerant to be controlled with
minimal manual intervention in a reliable and repeatable manner. Thus, the
system can automatically place the refrigeration system and cooling loop in a
suitable condition to allow connection or disconnection of the loop in a safe and

leak free manner.

In some embodiments, said control circuitry is configured in response to receipt
of a cooling loop disconnect command to: control a compressor in said
refrigeration system to turn off; control said inlet valve and said outlet valve such
that they are closed; control said refrigerant collection valve to be open; activate
a pump to pump refrigerant from said cooling loop towards said refrigeration
system along said refrigerant collection path; determine from said pressure
sensor a pressure in said cooling loop and in response to said pressure falling
below a predetermined evacuated value: control said pump to turn off; control

said refrigerant collection valve to close; and after a predetermined time
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determine whether said pressure in said cooling loop is increasing by more than
a predetermined amount and if not generate an indication that said cooling loop

may be safely disconnected from said refrigeration system.

When a disconnect command is received, the control circuitry stops the
refrigeration process by turning the compressor off and then ensures that the inlet
and outlet valves which connect the refrigerant supply and return path to the
cooling loop are closed. The control circuitry then controls the refrigerant
collection valve to be open and this provides a fluid flow path from the cooling
loop towards the refrigeration system. A pump for pumping fluid from the cooling
loop along this path is then activated and the pressure in the cooling loop
monitored. When the pressure has fallen to a low value indicating little or no
refrigerant left in the cooling loop, the pump is turned off and the refrigerant
collection valve is closed, these two steps may occur simultaneously or in either
order. After a certain time it is determined if the pressure in the cooling loop is
changing by more than a certain amount, this may be by measuring a rate of
change of pressure at this time, or by monitoring an actual value. Ifitis
determined that the pressure is not increasing unduly then this is indicative that
the system is leak-tight and an indication is provided to the user that the cooling

loop may be safely disconnected from the system.

In some embodiments, said pump comprises said compressor.

A pump is required for the control system to be able to control the movement of
refrigerant from the cooling loop prior to disconnection. There is already a pump
in the form of a compressor within the refrigeration system and in some
embodiments this compressor may be used under the control of the control

circuitry to pump refrigerant from the cooling loop.

Alternatively, the control system may comprise a dedicated pump, said pump
being configured to pump refrigerant from said cooling loop along said refrigerant

collection path.
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An alternative may be to have a dedicated pump within the control system and
this may have an advantage of the pump being of a size and capacity specially
adapted for evacuation of the cooling loop which allows the process to be
performed efficiently. This may be particularly useful if the compressor in the
refrigeration system is too large for this operation or is unsuitable because of
suction pressure limits or in cases where there are multiple compressors in the

refrigeration system.

In some embodiments, said control system further comprises a buffer volume on
said refrigerant collection path and a further valve configured to selectively isolate
or couple said refrigerant collection path with said compressor, said control
circuitry being configured to control said further valve to be closed prior to
activating said pump, such that on activation said pump pumps said refrigerant

from said cooling loop into said buffer volume.

Where there is a dedicated pump on the refrigerant collection path then in some
cases a buffer volume on this path may be provided for collecting the refrigerant
evacuated from the cooling loop. In this case there may be additional valves for
isolating the refrigerant collection path from the refrigeration system when
evacuating the cooling loop such that the buffer volume collects the refrigerant.
This allows the dedicated pump to be isolated from the compressor and from the

higher pressure side of the refrigeration system during this process.

In some embodiments, said control system further comprises a return path valve
configured to selectively isolate or couple said return path with said compressor,
said control circuitry being configured to control said return path valve to be

closed when controlling said inlet valve and said outlet valve to be closed.

In some embodiments there is provided a valve for isolating the return path from

the compressor during evacuation of the controlling loop to inhibit refrigerant from
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flowing in a reverse direction down this path when it is being pumped from the

cooling loop.

In some embodiments, said control system further comprises a bypass valve

configured to selectively isolate or couple a warmer refrigerant bypass path for
supplying warmer refrigerant from said compressor, said control circuitry being
configured to control said bypass valve to be closed when controlling, said inlet

valve and said outlet valve to be closed.

In some embodiments, there will be a bypass path for supplying warmed
refrigerant to the refrigerant supply path. In some embodiments, it may be
convenient for there to be separate valves for isolating the refrigerant supply path
and the bypass path from the cooling loop. In this regard, the two paths transport
fluids that are at significantly different temperatures and thus, having separate
valves on the two paths allows these valves to be configured for the operational
temperatures of the path they are situated on. Were a single valve to be used
downstream of the junction between the two paths, then it would see greater
temperature fluctuations and may degrade more quickly and/or require more
expensive components. Thus, in some embodiments two separate valves are
provided and they are individually controlled by the control system as they are

both sources of refrigerant to the cooling loop.

In some embodiments, said control system comprises a trace gas source and a
trace gas valve configured to selectively isolate or couple said trace gas source
with said cooling loop, said control circuitry being configured to control said trace

gas valve.

In order to be able to leak test the cooling loop without risking loss of refrigerant a
trace gas source and a trace gas valve may be provided such that they can be
selectively coupled to the cooling loop and the cooling loop may be filled with

trace gas to a predetermined pressure allowing any leakage to be determined.
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The trace gas may comprise an inert gas such as dry nitrogen, high pressure

helium or some other gas such as R134A.

In some embodiments, said control system comprises an exhaust valve to
selectively isolate or couple said cooling loop with a pump, said control circuitry

being configured to control said exhaust valve.

The control system may also comprise an exhaust valve and a connection to a
pump for evacuating the cooling loop. This may be advantageous where the
cooling loop is to be evacuated of a fluid that should not be sent to the

refrigeration system, such as when the cooling loop is full of trace gas.

In some embodiments, said control system is configured in response to receipt of
a cooling loop connect command to: control said inlet valve, outlet valve,
refrigerant collection valve and exhaust valve such that they are closed; control
said trace gas valve to open such that trace gas from said trace gas source flows
into said cooling loop; determine a pressure in said cooling loop and in response
to said pressure rising to or above a predetermined leak test value: control said
trace gas valve to close; after a predetermined time determine whether said
pressure in said cooling loop is decreasing by more than a predetermined leak
test amount and if not: control said exhaust valve to open such that trace gas
from said cooling loop is evacuated; determine a pressure in said cooling loop
and in response to said pressure falling to or below a predetermined exhaust
value: control said exhaust valve to close; determine a pressure in said cooling
loop and in response to said pressure increasing by less than a predetermined
leakage amount indicating that said cooling loop is correctly connected to said

refrigeration system.

In addition to controlling the disconnection of the cooling loop from the system
with minimal refrigerant leakage, embodiments may also control the connection

allowing the connection to be made in a leak tight manner.
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In order to do this a trace gas source may be provided along with an
automatically controllable valve that allows the cooling loop when connected to
the refrigeration system to be filled with trace gas to a predetermined pressure
and any pressure leaks to be detected by the pressure sensor. Once it is
determined that the cooling loop is connected in a sufficiently leak tight manner
then an exhaust valve may be opened and the trace gas evacuated. As this point
an indicator may be provided to the operator that the connection is leak tight and

the refrigeration system may be started.

In some embodiments, said control system is configured in response to said
indication that said cooling loop is correctly connected to said refrigeration
system to open said further valve and after a predetermined time to close said

further valve prior to starting said refrigeration system.

Where the control system is one with a separate pump and buffer volume then
prior to restarting the refrigeration system the further valve that is located
between the buffer volume and the compressor should be opened such that the
refrigerant that is collected from the cooling loop can be returned to the

refrigeration system, and then closed to isolate this path from the compressor.

In some embodiments, said control system is configured in response to an
indication to start said refrigeration system to:

control said refrigerant collection valve, trace gas valve and exhaust valve
to be closed; and

control said inlet valve and said outlet valve to open; and

to activate said compressor.

Once the system is deemed to be correctly connected and where there is a buffer
volume once the stored refrigerant has been returned to the refrigeration system,
then the refrigeration system may start. In order for it to start it should be

ensured that the refrigerant collection, trace gas valve and exhaust valves are
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closed and then the inlet valve and outlet valve should be opened and the

compressor activated.

A second aspect provides a refrigeration system for supplying refrigerant to a
cooling loop in a semiconductor processing chamber, said refrigeration system
comprising:

a compressor;

a refrigerant supply path for supplying refrigerant from said compressor to
said cooling loop;

a refrigerant return path for receiving refrigerant from said cooling loop and
returning said refrigerant to said compressor,

at least one heat exchanger for exchanging heat between said refrigerant
supply and return path; and

a control system according to a first aspect.

A third aspect provides a method of controlling the flow of refrigerant between a
refrigeration system and a cooling loop within a semiconductor processing
chamber such that leakage of refrigerant is inhibited when disconnecting said
refrigeration system from said cooling loop, said method comprising:
controlling a compressor in said refrigeration system to turn off;
controlling an inlet valve on a refrigerant supply path and an outlet valve
on a refrigerant return path such that they are closed,;
controlling a refrigerant collection valve on a refrigerant collection path to
be open;
activating a pump to pump refrigerant from said cooling loop towards said
refrigeration system along said refrigerant collection path;
determining a pressure in said cooling loop and in response to said
pressure falling below a predetermined evacuated value:
controlling said pump to turn off;
controlling said refrigerant collection valve to close; and
after a predetermined time determining whether said pressure in

said cooling loop is increasing by more than a predetermined amount and if not
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generating an indication that said cooling loop may be safely disconnected from

said refrigeration system.

A fourth aspect provides a method of controlling the flow of refrigerant between a
5 refrigeration system and a cooling loop within a semiconductor processing
chamber such that leakage of refrigerant is inhibited when connecting said
refrigeration system to said cooling loop, said method comprising:
controlling an inlet valve, outlet valve, refrigerant collection valve and
exhaust valve such that they are closed,;
10 controlling a trace gas valve to open such that trace gas from a trace gas
source flows into said cooling loop;
determining a pressure in said cooling loop and in response to said
pressure rising to or above a predetermined leak test value:
controlling said trace gas valve to close;

15 after a predetermined time determining whether said pressure in
said cooling loop is decreasing by more than a predetermined leak test
amount and if not:

controlling said exhaust valve to open such that trace gas from said
cooling loop is evacuated,;

20 determining a pressure in said cooling loop and in response to said
pressure falling to or below a predetermined exhaust value:

controlling said exhaust valve to close;
determining a pressure in said cooling loop and in response to said
pressure increasing by less than a predetermined leakage amount:

25 generating an indication that said cooling loop is correctly

connected to said refrigeration system.

A fifth aspect provides a computer program which when executed by a processor
is configured to control said processor to perform a method according to a third or

30 fourth aspect.
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Further particular and preferred aspects are set out in the accompanying
independent and dependent claims. Features of the dependent claims may be
combined with features of the independent claims as appropriate, and in

combinations other than those explicitly set out in the claims.

Where an apparatus feature is described as being operable to provide a function,
it will be appreciated that this includes an apparatus feature which provides that

function or which is adapted or configured to provide that function.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the present invention will now be described further, with

reference to the accompanying drawings, in which:

Figure 1 shows a refrigeration system according to a first embodiment;

Figure 2 shows a refrigeration system according to a second embodiment;
Figure 3 schematically shows a flow diagram illustrating steps in a method for
safety disconnecting the cooling loop; and

Figure 4 schematically shows steps in a method for connecting a cooling loop.

DESCRIPTION OF THE EMBODIMENTS

Before discussing the embodiments in any more detail, first an overview will be

provided.

Embodiments provide means to evacuate the cooling apparatus or loop and
connected piping so that the cooling apparatus can be disconnected from the
refrigeration system without leak of refrigerant. Embodiments also provide a way
to leak check the connections and piping of the cooling apparatus on re-
connection or initial connection of the cooling apparatus to the refrigeration

system.

The valves described below can be standard or custom valves of any type-
solenoid, pneumatic, servo motor controlled, proportional control valves etc.

Instead of using several valves as described below, valve manifolds with several
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flow path configurations can also be used. Manifolds help reduce the number of
individual valves required. Valves can be NO (normally open), NC (normally
closed) type. The valves are automatically controlled by control circuitry to open

or close.

The pressure sensing apparatus can be a vacuum gauge, electronic pressure
measurement apparatus (pressure transducer, diode etc.). These can be

standard or custom type.

The logic of the operation is controlled and driven by a controller. The controller

can be standard or custom including but not limited to PID, PLC, Microcontroller

type.

Figure 1 shows a refrigeration system 30 with an automatic control system
according to an embodiment. The refrigeration system is connected to a cooling
loop 20 which may be within a semiconductor processing apparatus and be used
to cool a chuck supporting a wafer for example. The refrigerant is supplied
directly from the refrigeration system 30 to the cooling loop 20 and thus, when the
refrigeration system 30 needs to be disconnected from the cooling loop 20 care
must be taken to inhibit any leakage of refrigerant. An automatic control system
is provided to help in this process. The automatic control system comprises
automatically controlled valves which in this embodiment include a supply path
valve 1, a return path valve 3 and a further valve 6 at the compressor end of the
return path for isolating the return path from compressor 10. In this embodiment
there is also a bypass line for supplying warmer refrigerant to the supply path and
this comprises an automatically controlled valve 8. There is also a trace gas
source 15 for supplying trace gas to the cooling loop 20 during a leak test on
connection of the cooling loop to the apparatus and the connection or isolation of

this source is controlled by a valve 2.

There is a refrigerant collection line or a zero line loss line which allows

refrigerant to be collected from the cooling loop prior to disconnection and this
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has a valve 4 associated with it which either connects this line to the cooling loop
or isolates it from it. There is also a further valve 5 which connects the cooling
loop through an exhaust pump and allows trace gas to be evacuated from the
cooling loop once the leak test is completed. There is a pressure gauge P2 on
this line that can be used to detect if valve 4 is leaking, or is not closed when the

zero line loss line should be isolated from the cooling loop.

There is also a pressure sensor P1 for sensing the pressure of the gas within the
control loop and this can be used to determine if it has been successfully
evacuated and also during a leak test. The process of preparing for connection
and disconnection are controlled by control circuitry 40 which includes a user
input 42 and a user output such as a user display not shown. The user input
allows the user to trigger the connection or disconnection process. The output
allows the user to receive an indication when the process has successfully

completed and connection or disconnection can be performed.

In addition to the components described in detail above, these components being
the ones relevant for the control system, there are also other components of the
refrigeration system, that are dependent upon the type of refrigeration system

and may include heat exchangers between the return and supply paths.

The refrigeration system 30 can be of any type including but not limited to
systems running on the Vapor Compression Cycle (Joule Thompson), GM Cycle,
Stirling cycle. The cooling apparatus or loop 20 is directly connected to the
refrigeration system 30 such that the conditioned refrigerant/s are directly
circulating inside the cooling apparatus. In such an arrangement, the cooling
apparatus along with the refrigeration system form a closed, leak proof system.
The cooling apparatus may need to be disconnected from the refrigeration
system for multiple reasons such as periodic maintenance, installing a different
cooling apparatus etc. In this event it is vital that substantially all the refrigerant

inside the cooling apparatus and associated piping be evacuated. The following
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steps describe one embodiment of how this can be done (with reference to
figure-1):

Turn OFF the compressor

Close valves 8, 1, 3, 6

Confirm that valves 2 and 5 are closed

Open valve 4

o kM w0 Dd =

Turn on the compressor. This will cause the refrigerant inside the cooling

apparatus and piping to be evacuated and moved to the high pressure side of the

compressor.

6. Once the pressure at P1 reaches a pre-determined value, turn OFF the
compressor

7. Close valve 4

8. Wait for a predetermined time to check if the pressure at P1 is rising

9. If the pressure at P1 does not rise above a predetermined value and/or

rate of pressure rise is not faster than a predetermined rate. The cooling

apparatus can now be disconnected from the refrigeration system
If the compressor used above is of very high capacity we can use methods such
as cylinder unloading, VFD (variable frequency drive) control etc. to meter its

pumping capacity as required.

When reconnecting the cooling apparatus to the refrigeration system:

1. Make sure valves 1, 2, 3, 4, 5, 6, 8 are closed
2. Connect the cooling apparatus to the refrigerant piping
3. Open valve 2 to introduce HP trace gas into the cooling apparatus and

piping. Pressurize the cooling apparatus to a predetermined pressure

4. Close valve 2. For a predetermined time interval check P1 for pressure
drop and rate of pressure drop.

5. If the pressure drop and/or rate of pressure drop is lower than a
predetermined valve, open valve 5

6. Evacuate the cooling apparatus and associated piping volume till P1 reads

the predetermined required vacuum level
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7. Close valve 5

8. For a predetermined time interval check P1 for pressure rise and rate of
pressure rise

9. If the pressure rise and/or rate of pressure rise is within predetermined

limits the process is now complete

The refrigeration system can now be turned ON and refrigerant/s can be

introduced safely in the cooling apparatus.

Figure 2 shows an alternative embodiment where there is an additional pump 18

and a buffer tank 19 on the zero line loss line or refrigerant collection path. There
is also a further valve 7 at the end of the zero line loss line which acts to isolate it
from the compressor and from the return line. There is also a pressure sensor

P2 for sensing pressure in the zero line loss line.

In this alternative embodiment, a dedicated pump 18 is used to evacuate the
cooling loop prior to disconnection of the cooling loop and the refrigerant is
collected in tank 19. This is useful if the compressor on the system is too large
for this operation or unsuitable because of suction pressure limits or if there are
multiple compressors on the system. On reconnection valve 7 is open to allow
the collected refrigerant to return to the refrigeration system and then is closed
prior to starting the refrigeration system. As for the embodiment of Figure 1, the
process of preparing for connection and disconnection are controlled by control
circuitry 40 which includes a user input 42 and a user display not shown. The
user input allows the user to trigger the connection or disconnection process.
The display allows the user to receive an indication when the process has

successfully completed and connection or disconnection can be performed.

In this embodiment, the sequence of operation to disconnect the cooling
apparatus is as follows (with reference to figure-2):

1. Turn OFF the compressor

2. Close valves 8, 1, 3, 6
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3. Confirm that valves 2 and 5 are closed

4. Open valve 4

5. Turn ON the vacuum pump and evacuate the refrigerant in the cooling

apparatus and associated piping into the vapor tank and associated piping

6. Turn OFF vacuum pump when the pressure of the cooling apparatus
reaches a predetermined vacuum level as indicated by pressure gauge P1

7. Close valve 4 and wait for a predetermined amount of time to check if the
pressure at P1 rises

8. If the pressure at P1 does not rise above a predetermined value and/or
rate of pressure rise is not faster than a predetermined rate. The cooling

apparatus can now be disconnected from the refrigeration system

When reconnecting the cooling apparatus to the refrigeration system:

1. Make sure valves 1, 2, 3, 4, 5, 6, 7, 8 are closed
2. Connect the cooling apparatus to the refrigerant piping
3. Open valve 2 to introduce HP trace gas into the cooling apparatus and

piping. Pressurize the cooling apparatus to a predetermined pressure

4. Close valve 2. For a predetermined time interval check P1 for pressure
drop and rate of pressure drop.

5. If the pressure drop and/or rate of pressure drop is lower than a
predetermined valve, open valve 5

6. Evacuate the cooling apparatus and associated piping volume till P1 reads
the predetermined required vacuum level

7. Close valve 5

8. For a predetermined time interval check P1 for pressure rise and rate of
pressure rise

9. If the pressure rise and/or rate of pressure rise is within predetermined
range, start the refrigeration system in standby mode.

10.  Open valve 7. Once the pressure value at P2 reaches a predetermined

value, close valve 7. The reconnection process is now complete
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The above are only two of many possible configurations and sequence of
operations for this service automation. The final engineered solution can have
multiple configurations and may have other devices such as more components
and valves (check valves, pressure relief valves, manual ON/OFF valves etc.) to

ensure proper operation, reliability and redundancy for safety.

Figure 3 shows steps in a method for disconnecting the cooling loop and the
refrigeration system according to an embodiment. In response to a user input
disconnect command at step S10 control circuitry turns the compressor 10 off at
step S$20. It then determines at step D5 whether the inlet and outlet valve are
closed and if they are not then at step S30 the control circuitry sends a signal to
close the valves. Once they are closed it is determined at step D15 whether the
refrigerant valve is open and if it is determined that it is not then the control

circuitry sends a command at step S40 to open the refrigerant valve.

The control circuitry then at step S50 activates the pump to pump the refrigerant
along the refrigerant collection path, the pump may be the compressor of the
refrigeration system as in the embodiment of Figure 1 or it may be a dedicated

pump on the refrigerant collection line as in the embodiment of Figure 2.

The pressure sensor P1 then determines at step D25 the pressure in the cooling
loop and if it is below a threshold value then control circuitry controls the pump to
turn off at step S60. The control circuitry then controls the refrigerant collection
valve to close at step S70 and then at step D35 it is determined when a
predetermined time has elapsed and when it has the pressure increase in the
evacuated cooling loop is determined. If the pressure in the cooling loop is
increasing at a greater rate than a predetermined set value, this signifies that
there is a leak and an alert is provided to the user. If the pressure increase is not
too high, then the system has been effectively isolated from the refrigeration
system and an indicator is output at step S80 to indicate that the cooling loop can

be safely disconnected from the refrigeration system.
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Figure 4 shows a method for connecting a cooling loop according to an
embodiment. A connect command is received at step S100 from a user at the
user input 42 and in response to this at step D105 it is determined whether the
inlet, outlet, exhaust, and refrigerant collection valves are closed. If they are not
then at step S110 any of them that were determined to be open are closed.
Once they are all closed at step S120 the trace gas valve is opened such that the
trace gas source is connected to the cooling loop. At step D115 the pressure in
the cooling loop is determined by pressure sensor P1 and when it is above a
predetermined value then at step S130 the trace gas valve is closed isolating the
trace gas source from the cooling loop. Once it is determined that a
predetermined time has elapsed at step D125 then it is determined whether there
is a decrease in the cooling loop pressure that is greater than a threshold at step
D135. If the pressure decrease rate is greater than the threshold then this
indicates that there is a leak and an alert it output at step $S170. If there is not a
pressure decrease rate above the threshold then at step S140 the exhaust valve
can be opened to exhaust the trace gas from the cooling loop using the exhaust
pump. Then at step D145 it is determined if the pressure in the cooling loop is
below the predetermined exhaust value and when it is at step S150 the exhaust
valve is closed. Then at step D155 it is determined whether the pressure in the
cooling loop is not increasing unduly which would indicate a leak, if it is not then
at step $160 an indicator can be output indicating that connection has been
correctly done and the refrigeration system can be started. If the pressure is
found to be increasing by more than a predetermined amount then an alert is

output at step S170 indicating that there is a leak in the system.

Although illustrative embodiments of the invention have been disclosed in detalil
herein, with reference to the accompanying drawings, it is understood that the
invention is not limited to the precise embodiment and that various changes and
modifications can be effected therein by one skilled in the art without departing
from the scope of the invention as defined by the appended claims and their

equivalents.
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REFERENCE SIGNS
supply path valve

trace gas valve
return path valve
refrigerant collection path valve

exhaust valve
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CLAIMS

1. A control system for controlling the flow of refrigerant between a
refrigeration system and a cooling loop within a semiconductor processing
chamber such that leakage of refrigerant is inhibited when connecting or
disconnecting said refrigeration system from said cooling loop, said control
system comprising:

an inlet valve configured to selectively isolate or couple a supply path for
supplying refrigerant from said refrigeration system with an inlet of said cooling
loop;

an outlet valve configured to selectively isolate or couple a return path for
returning refrigerant to said refrigeration system with an outlet of said cooling
loop;

a refrigerant collection valve configured to selectively isolate or couple a
refrigerant collection path for collecting refrigerant for said refrigeration system
with said cooling loop;

a pressure sensor for determining a pressure of refrigerant in said cooling
loop;

an input for receiving cooling loop disconnect and connect commands;
and

control circuitry configured to receive signals from said pressure sensor
and said commands from said input and to generate control signals for controlling
the opening and closing of said inlet, outlet and refrigerant collection valves in

response thereto.

2. A control system according to claim 1, wherein said control circuitry is
configured in response to receipt of said cooling loop disconnect command to:
control a compressor in said refrigeration system to turn off;
control said inlet valve and said outlet valve such that they are closed;
control said refrigerant collection valve to be open;
activate a pump to pump refrigerant from said cooling loop towards said

refrigeration system along said refrigerant collection path;
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determine from said pressure sensor a pressure in said cooling loop and in
response to said pressure falling below a predetermined evacuated value:
control said pump to turn off;
control said refrigerant collection valve to close; and
after a predetermined time determine whether said pressure in said
cooling loop is increasing by more than a predetermined amount and if not
generate an indication that said cooling loop may be safely disconnected from

said refrigeration system.

3. A control system according to claim 2, wherein said pump comprises said
compressor.
4, A control system according to claim 2, further comprising a pump, said

pump being configured to pump refrigerant from said cooling loop along said

refrigerant collection path.

5. A control system according to claim 4, said control system further
comprising a buffer volume on said refrigerant collection path and a further valve
configured to selectively isolate or couple said refrigerant collection path with said
compressor, said control circuitry being configured to control said further valve to
be closed prior to activating said pump, such that on activation said pump pumps

said refrigerant from said cooling loop into said buffer volume.

6. A control system according to any preceding claim, said control system

further comprising a return path valve configured to selectively isolate or couple
said return path with said compressor, said control circuitry being configured to
control said return path valve to be closed when controlling said inlet valve and

said outlet valve to be closed.

7. A control system according to any preceding claim, said control system
further comprising a bypass valve configured to selectively isolate or couple a

warmer refrigerant bypass path for supplying warmer refrigerant from said
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compressor, said control circuitry being configured to control said bypass valve to

be closed when controlling, said inlet valve and said outlet valve to be closed.

8. A control system according to any preceding claim, said control system
comprising a trace gas source and a trace gas valve configured to selectively
isolate or couple said trace gas source with said cooling loop, said control

circuitry being configured to control said trace gas valve.

9. A control system according to any preceding claim, said control system
comprising an exhaust valve to selectively isolate or couple said cooling loop with

a pump, said control circuitry being configured to control said exhaust valve.

10. A control system according to claim 8 and 9, said control system being
configured in response to receipt of a cooling loop connect command to:
control said inlet valve, outlet valve, refrigerant collection valve and
exhaust valve such that they are closed,;
control said trace gas valve to open such that trace gas from said trace
gas source flows into said cooling loop;
determine a pressure in said cooling loop and in response to said
pressure rising to or above a predetermined leak test value:
control said trace gas valve to close;
after a predetermined time determine whether said pressure in said
cooling loop is decreasing by more than a predetermined leak test amount
and if not:
control said exhaust valve to open such that trace gas from said
cooling loop is evacuated;
determine a pressure in said cooling loop and in response to said
pressure falling to or below a predetermined exhaust value:
control said exhaust valve to close;
determine a pressure in said cooling loop and in response to said

pressure increasing by less than a predetermined leakage amount
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indicating that said cooling loop is correctly connected to said refrigeration

system.

11. A control system according to claim 10, when dependent up on claim 5,
said control system being configured in response to said indication that said
cooling loop is correctly connected to said refrigeration system to open said
further valve and after a predetermined time to close said further valve prior to

starting said refrigeration system.

12. A control system according to claim 10 or 11, said control system being
configured in response to an indication to start said refrigeration system to:
control said refrigerant collection valve, trace gas valve and exhaust valve
to be closed; and
control said inlet valve and said outlet valve to open; and

to activate said compressor.

13.  Arrefrigeration system for supplying refrigerant to a cooling loop in a
semiconductor processing chamber, said refrigeration system comprising:

a compressor;

a refrigerant supply path for supplying refrigerant from said compressor to
said cooling loop;

a refrigerant return path for receiving refrigerant from said cooling loop and
returning said refrigerant to said compressor,

at least one heat exchanger for exchanging heat between said refrigerant
supply and return path; and

a control system according to any preceding claim.

14. A method of controlling the flow of refrigerant between a refrigeration
system and a cooling loop within a semiconductor processing chamber such that
leakage of refrigerant is inhibited when disconnecting said refrigeration system
from said cooling loop, said method comprising:

controlling a compressor in said refrigeration system to turn off;
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controlling an inlet valve on a refrigerant supply path and an outlet valve
on a refrigerant return path such that they are closed,;
controlling a refrigerant collection valve on a refrigerant collection path to
be open;
activating a pump to pump refrigerant from said cooling loop towards said
refrigeration system along said refrigerant collection path;
determining a pressure in said cooling loop and in response to said
pressure falling below a predetermined evacuated value:
controlling said pump to turn off;
controlling said refrigerant collection valve to close; and
after a predetermined time determining whether said pressure in
said cooling loop is increasing by more than a predetermined amount and if not
generating an indication that said cooling loop may be safely disconnected from

said refrigeration system.

15. A method of controlling the flow of refrigerant between a refrigeration
system and a cooling loop within a semiconductor processing chamber such that
leakage of refrigerant is inhibited when connecting said refrigeration system to
said cooling loop, said method comprising:
controlling an inlet valve, outlet valve, refrigerant collection valve and
exhaust valve such that they are closed,;
controlling a trace gas valve to open such that trace gas from a trace gas
source flows into said cooling loop;
determining a pressure in said cooling loop and in response to said
pressure rising to or above a predetermined leak test value:
controlling said trace gas valve to close;
after a predetermined time determining whether said pressure in
said cooling loop is decreasing by more than a predetermined leak test
amount and if not:
controlling said exhaust valve to open such that trace gas from said

cooling loop is evacuated;
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determining a pressure in said cooling loop and in response to said
pressure falling to or below a predetermined exhaust value:
controlling said exhaust valve to close;
determining a pressure in said cooling loop and in response to said
5 pressure increasing by less than a predetermined leakage amount:
generating an indication that said cooling loop is correctly

connected to said refrigeration system.

16. A computer program which when executed by a processor is configured to

10  control said processor to perform a method according to claim 14 or 15

15



